kinson, 1998). We will describe some key findings from Lacroute, 1979). In the same year, the level of PTCthe mammalian and yeast systems and will suggest that mutated ␤-globin mRNA from a thalassemia patient was most of the available evidence can be integrated into a reported to be very low (Chang and Kan, 1979), forecommon model. shadowing the broad phylogenetic distribution of NMD Mammalian NMD: Nuclear Aspects and its role in human genetic disorders. The vast majorThere is little doubt that mammalian NMD is a posttranity of ␤-thalassemia heterozygotes are phenotypically scriptional mechanism that involves the nucleus. Two healthy, whereas homozygotes suffer from a severe anetypes of alterations have been described: the abnormal mia. Normal erythropoiesis requires ␣/␤-globin chain splicing of pre-mRNAs, and the degradation of spliced balance. In heterozygotes, the relative excess of insolumRNAs. Both alterations have been referred to as NMD. ble ␣-globin chains are degraded but accumulate in Regarding the first, examples of both nonsense-associhomozygotes to damage the erythroid precursors. PTC ated alternative splicing (e.g., fibrillin mRNA) and of inmutations in the two 5Ј proximal exons of the ␤-globin tron retention (e.g., Ig RNA) have been investigated. In gene are common, and the mRNA is subjected to NMD. these examples, PTCs are associated with an effect In contrast, a dominant form of inheritance is associated on splicing, for which we suggest the term "nonsensewith a rare nonsense mutation in the last exon. This associated altered splicing" (NAS). NAS is intriguing, PTC-mutated mRNA escapes NMD, is normally abunbecause it suggests that the sense of a pre-mRNA can dant, and is translated (Hall and Thein, 1994). This addibe interpreted by a nuclear reading frame scanner betional burden causes the proteolytic system of the eryfore splicing (Li and Wilkinson, 1998). Other alternative, throid precursor cells to fail, which results in the precipitation of insoluble globin chains and in severe dyserythropoiesis. Therefore, NMD helps to protect millions of ␤-thalassemia heterozygotes from significant disease. NMD is not restricted to ␤-globin mRNAs and has been reported in many other human diseases.
employing such a functional definition fail to distinguish splicing. One might also expect that a NAS-associated traditional cytoplasmic ribosomes from a ribosome-like nuclear scanning mechanism would not be restricted to nuclear scanner as suggested for NAS. a few codons in a given exon. Such critical predictions Initially, NMD was thought to be a consequence of for the function of a notional "nuclear scanner" in NAS the lack of ribosomes that could protect the mRNA remain to be more fully explored.
downstream from a nonsense codon. The available eviBy contrast to NAS, no splicing alterations are found dence indicates now that a mechanism with the hallin the second type of PTC-induced RNA processing marks of ribosomal translation is actually required for abnormality, nonsense-mediated decay (NMD) senso NMD (Maquat, 1995; Li and Wilkinson, 1998). However, strictu. Here, spliced mRNA is subject to degradation. it could not be excluded that this mechanism is mediated Even if NMD does not exhibit effects on splicing, there by a hypothetical nuclear cousin of the cytoplasmic is mounting evidence for a role of splicing. Early on, it translation apparatus. The cytoplasmic binding of iron was found that nonsense codons located toward the 3Ј regulatory proteins (IRPs) to iron-responsive elements end of the ORF rarely elicit NMD. For some cases, this to regulate the translation of a PTC-mutated ␤-globin positional bias has now been shown to be defined by mRNA has been used as an approach to avoid such the relative position of the PTC to a boundary ≈50 nt 5Ј ambiguities. IRPs are spatially restricted to the cytoof the final exon/intron junction (Figure 2) . PTCs 5Ј to plasm (Thermann et al., 1998) and thus served as a this boundary subject the mRNA to NMD, whereas specific tool to inhibit cytoplasmic translation without mRNAs with a PTC 3Ј to this boundary are usually stable affecting the activity of a notional ribosome-related nu- 
